The in vitro study of antibiotics for activity against Mycobacterium tuberculosis has been hampered by the lack of a convenient method for rapid cultivation of the organism. In the case of penicillin, instability of the antibiotic in solution presents an additional handicap. Abraham et al. (1941) reported that 1,000-fold the amount of penicillin adequate to produce complete inhibition of a strain of Staphylococcus aureus did not inhibit the growth of M. tuberculosis in glycerol broth, even though penicillin solution was added every 2 days to maintain the original concentration of antibiotic. The penicillin preparations then available could not be accurately standardized, but the maximal concentration used by these investigators appears to have been in the range of 40 units per ml. Smith and Emmart (1944) Recently, Iland (1946) , using a rapid slide culture technique, found that small inocula of freshly isolated strains were inhibited by concentrations of penicillin varying from 20 to 60 units per ml. It was his opinion that this sensitivity to penicillin may be lost upon prolonged cultivation of the organisms on artificial media, but this thesis was not tested with virulent laboratory strains. Ungar and Muggleton (1946) studied the effect of concentrations up to 5 units per ml and reported enhanced growth of the organisms in the presence of these concentrations of penicillin. A single strain was used in this study. Youmans (1944a,b) Steenken (1946) and by Smith (1947) to study the effect of streptomycin on M. tuberculosi8.
The present study was undertaken to supply additional data regarding the positive effect of penicillin on M. tuberculosis. The strains used included 4 recently isolated from active human cases in addition to standard laboratory strains of human, bovine, and avian type. Dubos' medium was selected because it supported rapid and diffuse growth. Since cultures in this medium may be initiated with small numbers of cells, the study of the effect of inoculum size on sensitivity to penicillin was facilitated.
MATERIALS AND METHODS
Strains.2 MT1, MT2, MT4, MT5, H37Rv (human type), Ravenel (bovine type), and Kirchberg (avian type) were studied. The MT strains were isolated from human sputum approximately 6 months prior to these studies. All strains have been maintained both in Dubos' medium and on Petragnani's medium.
Penicillin. Crystalline penicillin G sodium (Merck) was used for all tests. Preparation of cultures. The culture medium was prepared according to the formula of Dubos and Davis (1946) . "N-Z case" (batch 372, Sheffield Farms Company) was selected as the source of nitrogen, and albumin (bovine V, Armour) was used for detoxification of fatty acids. The albuimin was dissolved in 0.85 per cent sodium chloride, neutralized, inactivated at 55 C for 30 minutes to destroy residual lipase, and sterilized by passage through a Seitz filter. Penicillin solutions were prepared in Dubos' medium at tenfold the final concentration desired, and 1-ml amounts of penicillin in solution were added to 9-ml amounts of Dubos' medium in 20-by-150-mm culture tubes.
Test and control tubes were inoculated with 0.1-ml amounts of cell suspension. The turbidity of inocula was adjusted, using a spectrophotometer (Coleman model 6A), to a density that permitted 89 to 91 per cent transmission of light at 620 m,u, through suspensions in 19-by-150-mm cuvettes. Suspensions of this turbidity contained approximately 107 to 108 viable organisms per ml as determined by a tube dilution culture method. When further dilutions were desired, Dubos' medium was used as the diluent.
Tenfold dilutions ranging from 100 to 108 were prepared from cell suspensions standardized as described above. The undiluted and diluted suspensions were then inoculated into series of culture tubes containing 1 to 200 units of penicillin per ml, and growth was determined after 14 days of incubation at 37 C.
EXPERIMENTAL RESULTS
The results of 6 consecutive trials in which 4 to 7 strains were used are presented in table 1. With undiluted inocula the strains recently isolated from human cases of active tuberculosis were inhibited by concentrations of penicillin varying from 80 to 200 units per ml. Among the standard laboratory strains, H37Rv (human type) was inhibited by 100 to 150 units, whereas Ravenel (bovine type) and Kirchberg (avian type) were inhibited by 40 units. In 1 of 4 trials the Kirchberg strain was inhibited by 20 units. berg by 10 to 20 units. At the 1:100 dilution the inhibiting concentrations, with one exception, varied from 1 to 60 units, and at the 1:1,000 dilution the inhibiting concentrations, with 2 exceptions, dropped to 20 units or less.
DISCUSSION
The use of Dubos' medium to support growth of M. tuberculosi8 offers a convenient method for the study of the in vitro action of antibiotics, in this case penicillin, on the organism. Growth is relatively rapid and produces a diffuse turbidity which permits standardization of inocula by use of turbidimetric methods. This eliminates the trituration of cell masses for preparing homogeneous suspensions and the need to express the concentration of cells in gravimetric units. Furthermore, the medium consistently supports the growth of small inocula of cells and can therefore be used for the estimation of the number of viable organisms in cell suspenisons with a tube dilution culture method.
Depending upon the concentration of organisms in the inoculum, strains of human, bovine, and avian types of M. tuberculosis may with few exceptions be inhibited by concentrations of penicillin varying from 1 to 200 units per ml. These results are comparable with those reported by Iland (1946) for freshly isolated strains of the human type. He postulated, however, that sensitivity to penicillin may be lost upon prolonged cultivation of the organisms and cited the high resistance of strain 607, an avirulent strain of human type, as an example. Other standard laboratory strains were not investigated.
Our results indicate that Iland's conclusions, drawn from observations with strain 607, do not apply to several other laboratory strains. Using an inoculum of 0.1 ml containing approximately 106 organisms, strain H37Rv was inhibited by 100 to 150 units per ml. This value is in the same range of concentrations required to inhibit the group of 4 recently isolated strains used in this study. Two other laboratory strains, Ravenel and Kirchberg, were inhibited by 40 units per ml, which approaches the lower limit of sensitivity observed by Iland. The high resistance of strain 607 appears to be a characteristic of the strain rather than the species. Furthermore, strain 607 is unusual in other respects since, unlike virulent strains, it may be grown on nutrient agar medium. Lower concentrations of penicillin were effective when smaller inocula were used. With a 1:10 dilution of standard cell suspension as inoculum, half the original inhibiting concentration frequently produced complete inhibition of visible growth. This trend was maintained with higher dilutions of inoculum.
Among the human strains, no marked difference in sensitivity was observed between a standard laboratory strain (H37Rv) and strains recently isolated from sputum.
The strains of bovine and avian type were more sensitive to penicillin than human ones.
